
Illustrative Mathematics

3.G, M Geometric pictures of one half

Alignment 1: 3.G.A.2
Alignment 2: 3.MD.C.7.d

For each of the pictures, explain how you can see that half of the square is shaded:

a. 

b. 

c. 
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Commentary: 
This task presents students with some creative geometric ways to represent the fraction one half. The goal is both to appeal to students'
visual intuition while also providing a hands on activity to decide whether or not two areas are equal. In order for students to be successful
with this task, they need to understand that area is additive in the sense described in 3.G.7.d. Students should be given paper models of
each picture which they can fold or cut and rearrange so as to help visualize why the shaded and unshaded areas are equal.

Although this task could be used for assessment it is better suited for a classroom activity. After working on these representations of one
half, students could be asked to create their own geometric representations of one half of a square and then share these with one another.

The first two pictures introduce them to constructions which will be important as they move forward in studying geometry: the first picture
represents a special case that can be generalized to show why the area of a triangle is "one-half of the base times the height," while the
second example can be used much later to understand why the diagonal of a square with side length one has length .

Solution: 1

a. Below is a picture of a line where the picture can be cut, or folded, which will help see why the shaded area is one half:

Once the picture is cut, we have two rectangles. For each rectangle, half is shaded and the other half is unshaded. For these
rectangles if they are cut along the diagonal where shaded and unshaded parts meet, the two shaded pieces and two
unshaded pieces will match up. Therefore the shaded and unshaded areas are equal and so the shaded area represents one
half of the square. Alternately, if the picture is folded into two rectangles, the students can observe that the shaded triangles and
unshaded triangles have the same size and shape.

b. Below are two lines where the picture may be cut or folded to reveal why the shaded area represents one half of the full square:

If two cuts along the indicated lines are made, we have four smaller squares and, just as in part (a), each of these can be cut (or
folded) to show that their shaded and unshaded areas are equal. So the total shaded and total unshaded areas here are equal
and the shaded area represents one half of the square. As in part (a), the picture can also be folded twice, giving four black
and four white triangles all of the same size and shape.

c. For this picture, the circles could be cut out and the white and black circle are the same size. The remaining two black and
white pieces also have the same shape and size and so, here too, the shaded and unshaded areas are equal. Alternatively, if a
vertical fold is made down the center of the picture, shaded and unshaded areas will match up, showing that each represents
one half of the square. This vertical cut line is pictured below:
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